
Background: Motor impairment is an important criterion in the Clinical Diagnostic Criteria 
(CDC) of Complex Regional Pain Syndrome type-1 (CRPS-1) as defined by International 
Association for Study of Pain (IASP).

Objective: To describe the changes in musculoskeletal ultrasonography (MSKUSG) in CRPS-1 
before and after treatment with ultrasound-guided dry needling (USGDN) in retrospective data 
from 44 patients.

Study Design: Patients irrespective of age, gender, or cause of CRPS were included in this 
retrospective data analysis; the Budapest criteria for the diagnosis of CRPS were stringently 
adhered to.

Setting: The analysis was done at Ashirvad Institute for Pain Management and Research with 
the database of CRPS patients who were treated between December 2005 and December 
2014. 

Methods: The CDC, range of motion at upper extremity joints, dynamometry, Disability of 
arm, shoulder and hand score (DASH) and ultrasonography were documented on days one, 15, 
and 45. MSKUSG demonstrated loss of myoarchitecture and reduced bulk. 

Results: All 44 patients received USGDN as the sole intervention with medications and 
physiotherapy. MSKUSG at 15 and 45 days after starting USGDN showed a return of normalcy 
to the myoarchitecture and muscle bulk increase that coincided with the disappearance of CDC 
and a progressive and predictable improvement of the  DASH scores in all the 44 patients.

Limitation: The analysis focuses on only 2 parameters: the musculoskeletal changes of the 
forearm flexors and extensors on ultrasound guidance and the efficacy of the dry needling 
treatment. It is not a comparative study with another accepted form of treatment or intervention. 
We have not looked into the age and gender predilection of the condition owing to the small 
sample size of the study. Analysis of long term maintenance of relief and rehabilitation of the 
disability were limited to one year. 

Conclusion: Myofascial pathology of co-contraction appears to cause CDC of CRPS and 
probable ischemic loss of myoarchitecture. Relief of co-contraction with USGDN allowed 
resolution of tenosynovitis causing the CDC and return of normal myoarchitecture.

Key words:  CRPS-1, co-contraction, motor impairment, disability, dry needling, 
musculoskeletal ultrasonography
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multi-modality treatment regimen (6). In this report we 
showed bilateral CRPS (one limb was more affected than 
the other) in different phases of the disease. In another 
report we resolved the initial CRPS 2 and then the 
patient required corrective surgery for a residual ulnar 
claw 2 years later. We anticipated a probable recurrence 
of CRPS and hence provided a continuous brachial 
plexus block (CBPB) in an attempt to pre-empt the 
development of repeat CRPS. This patient did develop 
CRPS in spite of the CBPB but USGDN could reverse it. 
This kind of predictable reversal of CRPS is unheard of 
in CRPS literature (7). In the present article, we have 
highlighted the utility of MSKUSG in ascertaining and 
assessing the initial loss of myoarchitecture as well 
as in documenting the restoration of its normalcy by 
treatment with DN. The reversal of muscle abnormality 
on MSKUSG in 44 patients was associated with a 
demonstrable objective clinical improvement of all the 
CDC as well as of disability which is the most recalcitrant 
problem of CRPS. The complete and lasting resolution 
of all the CDC strongly suggested that the myofascial 
contribution to CRPS was the primary pathology giving 
rise to a mechanical tendinosis-like picture in the 
hand with pain, sensory, vasomotor, and sudomotor 
manifestations that dominate the clinical presentation 
of CRPS. 

Methods 
Pre-treatment MSKUSG of the affected forearm 

muscles was performed in 60 patients who presented 
with CRPS-1 of the upper extremity (Budapest criteria) 
(Table 1). Fifty patients agreed to our treatment pro-
tocol but 6 stopped treatment before the 45 day as-
sessment by MSKUSG. Hence this retrospective analysis 
includes MSKUSG data from 44 patients.  

MSKUSG (Sonosite TM S-MSK, USA, linear 6 – 13 
MHz transducer) was performed in the axial view in the 
flexor and extensor compartments of the normal and 
CRPS-affected forearm. The axial view was preferred 
because the qualitative features of muscle sonoanato-
my are better appreciated in this view. The probe was 
positioned parallel to the elbow joint over the maximal 
bulk of flexor muscles ensuring that it was perpendic-
ular to the skin to have a similar consistency in echo-
genicity (Fig. 1). The probe was moved medially and dis-
tally until all the flexor muscles were visualized with the 
pronator teres towards the pointer dot. The depth was 
adjusted so that the dense hyperechogenic outlines of 
the radius and ulna were visible in every reading. In the 
extensor compartment, the edge of the brachioradialis, 

Motor impairment is an important criterion 
in the Clinical Diagnostic Criteria (CDC) of 
Complex Regional Pain Syndrome type-1 

(CRPS-1) as defined by the International Association 
for Study of Pain (IASP) (1,2). We have reported in 2 
separate publications the concept of using dry needling 
as a specific modality to address the motor impairment 
which we believe is the primary problem with CRPS, 
responsible for the severe disability, and is a constant 
feature of CRPS (3-7). We believe that motor impairment 
is the primary pathology of CRPS, more important 
than alterations in blood flow, temperature disparity, 
trophic signs, tactile allodynia, and hyperalgesia/
hyperesthesias. We further believe that vasomotor, 
sudomotor, and edema abnormalities that form the 
CDC of CRPS are secondary to myofascial abnormality. 
Musculoskeletal ultrasonography (MSKUSG) has shown 
great potential in providing objective evidence of 
motor impairment. We have reported the diagnostic 
utility of MSKUSG in 18 CRPS-1 patients as well as its 
efficacy in differentiating between neuropathic pain 
and CRPS (3,4). We have been using ultrasound guided 
dry needling (USGDN) of upper extremity muscles as 
a specific treatment modality to treat the myofascial 
issues in CRPS. The logic of using USGDN was that there 
was a constant co-contraction of digital flexors and 
extensor muscles which impedes all hand movements. 
Attempted movements of the tethered muscles lead 
to friction at the digital tendinous sheaths resulting 
in a de Quervain stenosing tenosynovitis (DQST) like 
inflammation in all the tendons of the hand. This 
global tenosynovitis (tendinoses is a better description, 
as there is no infection) gives rise to a clinical picture of 
hot, swollen, red hand of early CRPS. The temperature 
disparity, vasomotor, and sudomotor abnormalities 
that form the CDC of CRPS are actually signs of 
inflammation from the mechanical tendinoses. USGDN 
of the co-contracted muscles in the forearm would relax 
the muscles to replace the abnormal co-contraction 
with normal coordination between the agonist and 
antagonist muscles of hand movements. Relaxation of 
digital tendons and return of agonist and antagonist 
coordination would automatically reduce the friction 
and resolve the inflammatory tendinoses in the hand, 
thereby reversing the pain, vasomotor, sudomotor, as 
well as sensory features that comprise the CDC. We have 
reported the case of a young woman whose CRPS was 
mistaken for DQST (5). One of our reports details the 
successful reversal of bilateral CRPS in 5 patients with 
dry needling (DN) as the main component of a novel 
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Table 1. Patient demographics and CRPS details.

There were 44 patients in total. DN was the sole interventional modality along with medications and physiotherapy.

Age 24 – 80 years, mean (51 + 18.8)

Gender 20 men and 24 women

CRPS duration at 1st 
visit 

12 �presented in the first 3 months with florid CRPS- 8-10NRS pain and sleep disturbances.  The motor features were 
present but were attributed by patients to the pain and sudomotor, vasomotor features that dominated the clinical 
presentation. 

15 �presented between 3-6 months with 4-5 NRS rest pain, sleep disturbances, sudomotor, vasomotor and motor 
features.

11 �presented at 6-9 months with 0-5 NRS pain at rest, insignificant sleep disturbances, intermittent sudomotor, vaso-
motor asymmetry but very dominant motor features like severe stiffness with various degrees of flexion deformity 
at the MPJ and IPJ. 

6  �presented after more than 9 months of CRPS 0-5, NRS pain at rest, insignificant sleep disturbances, intermittent 
sudomotor, and vasomotor asymmetry. Variable degrees of ankyloses and flexion deformities at the MPJ and IPJ 
were present.

Etiological factors 24 patients had trauma + fracture + surgery + immobilization.
10 patients had trauma + fracture + immobilization.
4 patients had soft tissue trauma+ immobilization. 
4 patients had spontaneous shoulder hand syndrome.
1 patient had cervical spine TB 8 months prior.
1 patient had herpes zoster involving C6-7. 

radius, and ulna were kept in view. The normal forearm 
muscles were first documented and corresponding lo-
cations were considered to represent the same muscles 
on the CRPS-affected forearm. This helped us identify 
the CRPS affected muscles which are characterized by 
a loss of normal myoarchitecture in some or all muscles 
(4). The specific USG features considered for compari-
son were the general appearance, outline, the muscle 
bulk measured with the in-built calipers, any smudged 
or hazy appearance indicative of edema, and anecho-
ic areas indicative of fluid collection in the muscles or 
around the tendons. The muscle echogenicity was spe-
cifically documented. 

The protocol for assessing the clinical features in-
cluded the following:

1.	 Rest and movement pain were separately rated on 
a Numerical Rating Scale (NRS) from “no pain” (0 
NRS) to “worst imaginable pain” (10 NRS). 

2.	 Range of motion (ROM) at the shoulder, elbow, 
wrist, metacarpophalangeal (MPJs), proximal, and 
distal interphalangeal joints (PIPJs and DIPJs, re-
spectively) were documented using a goniometer 
(Fig. 2).

3.	 Grip strength of each hand and individual fingers 
was measured using a dynamometer and pinch 
gauge (Fig. 2).

Patients were also assessed for the presence or ab-
sence of the CDC, like weakness, stiffness, tremors, coor-

dination deficits, dystonic movements (motor); edema, 
sweating (sudomotor); and redness and temperature 
changes measured using skin thermometer (vasomo-
tor). The Disability of the Arm, Shoulder, and Hand 
(DASH) score (8) was used to assess the patient’s ability 
to perform the simple and complex daily activities of 
life that require considerable hand dexterity, coordina-
tion, and power. CDC parameters were again assessed 
along with MSKUSG on days 15 and 45 (Figs. 1, 3-7). 

Medications included daily 75 – 150 mg of prega-
balin (Lyrica, Pfizer India) and a combination of tra-
madol (37.5 mg) and paracetamol (375 mg) (Dolonat, 
Pfizer India) twice daily. Patients were allowed to take 
the extended release preparation of diclofenac if pain 
exceeded 4 – 5 on the NRS at any time. 

 All patients received uniform physiotherapy (PT) 
protocol supervised by a certified physiotherapist and 
included initially electrical modalities, myofascial re-
lease, and muscle stretching. Strengthening exercises 
were started only after the complete disappearance of 
rest pain and the movement pain had reduced by 50% 
that usually occurred after the first 7 – 10 days. 

The DN protocol involved thrice weekly needling 
of the neck and the extremity for up to 45 – 60 days (de-
tails in Table 2). USGDN included all the muscles of the 
upper extremity including the neck and shoulder gir-
dle. The extensor aspect of the extremity and the neck 
was needled in a single sitting, while the flexor aspect 
of the limb and the pectoral muscles were addressed in 
the next session. The needles were introduced at 1 – 2 
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Fig. 1. First row: Digital flexors of  the CRPS affected right extremity. The images in each row in this and in the following 
figures are referred to as A B, C, D, E and F from left to right. 
1st row A: The muscle architecture of  the CRPS affected flexor digitorum superficialis and profundus is completely lost. 
Muscle edema is seen in flexor digitorum superficialis and profundus which makes the size 1.76 cm appear a little more than 
the normal left forearm size of  1.74 cm. The characteristic sonographic signature of  hypoechoic muscle fibers with streaks of  
hyperechoic fascial framework is unclear. Instead, the muscles are ill defined with no distinct outline. Image C shows that 
after 45 days there is no edema in digital flexors, which have the same size as the normal left forearm. 
Row 2: Shows the extensors of  right hand thinner than those of  left hand (B). The right corner image shows that after 45 days 
digital extensors show a clearer outline but a persistent hyperechogenecity. 
Row 3: Muscle edema is seen in biceps, brachialis that has made the muscles appear thicker compared to normal left arm. 
0.82 cm compared to 0.68 cm of  left biceps.  Image C shows the CRPS affected biceps at 45 days. Note the return of  muscle 
architecture with well-defined outline and disappearance of  muscle edema. The biceps and brachialis without any edema at 
45 days have acquired more bulk 1.04 cm as compared to the 0.82 cm. Image D: The right corner image shows the positioning 
of  the USG probe. The depth was adjusted to include the dense hyperechogenic outlines of  both radius and ulna with a 
hypoechogenic/anechoic shadow beneath, in all the USG assessments.
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Fig. 2. A 72-year-old lady developed CRPS-type 1 of  the right upper extremity 6 months after Colle’s fracture. Initiation of  
hand movements after plaster cast removal (immobilization for 6 weeks) had led to pain (5 – 6 NRS), swelling, redness, 
weakness, and stiffness associated with dystonic movements, along with positive objective examination findings which fulfilled 
the clinical diagnostic criteria of  CRPS. Physiotherapy, analgesics (NSAIDs and tramadol), Ibandronate, vitamin D3, and 
calcium had proved ineffective in relieving stiffness or pain. 
 First row (R1): Shows right hand in mild fixed flexion deformity at MPJ and IPJ with total inability to make a fist. ROM 
was restricted to 30 – 40o at metacarpophalangeal joint, 40 – 45o at proximal and distal interphalangeal joints, and 15o of  
wrist extension. The goniometric readings at the distal and middle interphalangeal joints of  the index finger of  right hand 
are 50o instead of  the normal 80o. Recorded temperature was 36oC in both hands. Her finger tips were unable to purposefully 
exert the requisite pressure on the pinch gauge. She was unable to wrap the right hand around the dynamometer bulb to press it 
effectively. Hence the reading was zero.
Second row: In contrast, the normal left hand shows 7 psi grip strength.  At 45 days the ROM  has improved  in the 
metacarpophalangeal and interphalangeal joints to > 90o from the original 40 – 45o on the goniometer. 
Third row: The pinch gauge and dynamometer measurements in the same patient. There are 2 dynamometer measurements 
at 15 and 45 days. Initial inability to grasp the bulb progressed to 2 psi at 15 days and 11 psi at 45 days. The pinch gauge 
readings also show a distinct improvement.
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Fig. 3. USG visualization of  DN targeting the flexor and extensor muscles of  the affected extremity in various patients. Note the 
hyperechogencity of  muscles with loss of   muscle architecture in some of  the severely affected muscles  of  forearm – a distinctive 
diagnostic feature of  CRPS on USG. The arm muscles were affected only in those with shoulder involvement. Special emphasis was 
given to needling the muscles involved in shoulder movements, arm and forearm flexion, pronation/supination (pronator teres [PT], 
pronator quadratus [PQ]/supinator [Sup]); wrist movements (flexor carpi radialis [FCR], palmaris longus [PL], flexor carpi 
ulnaris [FCU]); digital movements (flexor digitorum superficialis [FDS] and profundus [FDP], extensor digitorum [EXT], 
extensor indcis, extensor digiti minimi). USG also helped in avoiding vital structures and nerves. Row 1 A: Shows the needling 
of  pectoralis major (PM) and minor (P.Min). Note the hyper echogenicity of  P.Min in this patient with shoulder and hand 
involvement. B. shows the needling around the ulnar nerve just beneath the arrow. C. needle in biceps (B) and brachialis (BR). 
Row 2 A: Needle in coracobrachialis (CB) B. Needle just beneath the brachial artery on the medial side of  lower arm C. shows the 
needles in triceps in cross section as bright dots pointed by arrow.  Row 3 A: Needles in the extensors of  the forearm. B. needles in 
the amorphous muscle mass of  flexors in the forearm. Row 4: Shows the clinical picture of  the needles introduced at 1 cm distance 
at the thickest part of  muscles. Shows the needling of  flexor pollicis longus, pronator quadratus, pronator teres, flexor carpi radialis 
and palmaris longus in a young woman of  24 years with CRPS for 3 years with regular physiotherapy.  Abbreviations in addition to 
the ones given above: H: Humerus  R: radius U: ulna, A: artery,  MN: median nerve. 
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Fig. 4. The MSKUSG of  the forearm of  a 26-year-old woman who had a metacarpal fracture 18 months prior. She reported that she 
had the warm swollen hand typical of  CRPS for less than a month after the fracture but thereafter developed a severe stiffness with 
inability to flex beyond 90o at the metacarpal and interphalangeal joints. The distal interphalangeal joints had become completely 
stiff  within 6 to 8 months of  the fracture. A. Note the extreme destruction of  muscle in the flexor compartment associated with 
severe wasting. This is a patient who probably had extremely severe contraction with the contractures overtaking the inflammatory 
stage very rapidly. The CRPS would appear to have skipped passage through sequential stages. But careful history taking revealed 
that she had gone through the sequential stages but so rapidly that they seemed to have been skipped altogether. C. After one month 
of  dry needling the muscle outlines are clearly discernible and the bulk has increased. There is an associated improvement in hand 
movements with an ability to make a fist.

Fig. 5. Shows the extreme destruction of  muscle structure in right forearm compared with the normal muscles in the left forearm 
and the improvement at 45 days with reappearance of  boundaries though the hyperechogenecity still persists. 
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Fig. 6. Row 1 (A-C): Typical stiff, swollen hand that developed 4 months after surgical reduction of  fracture radius. The swelling 
at the middle interphalangeal joint of  the normal left hand is because of  an asymptomatic lipoma present for many decades. He 
is unable to make a fist and the grip strength is 0 PSI.  Row 2 A-C and 3A: Show the fluid collection in the synovial sheaths 
surrounding the flexor and extensor tendons at the wrist as well as in the fingers. There is no subcutaneous edema to account for 
the swollen hand which is primarily because of  the synovial effusion. 3B and C: At 15 days after 7 sessions of  USGDN there is a 
complete resolution of  effusion around the extensor tendons at the carpal and metacarpophalangeal joints.  Row 4 A and B: The 
flexors show  unclear muscle outlines as well as marked hyperechogenecity compared to the normal left forearm muscles.C: Shows 
an increase in muscle size at 45 days. Hyperechogenecity is still present.  Row 5 A-D: The clinical picture after 15 days of  DN. 
The dynamometer shows readings of  2 PSI. He has also improved his elbow flexion enabling him to perform a daily act of  living 
like drinking from a glass which was impossible at the time of  first visit because of  an apparently fixed deformity at the elbow at 
85o flexion. 



www.painphysicianjournal.com 	 E171

Musculoskeletal Ultrasonography in CRPS

Fig. 7. Upper row: Shows the clinical presentation of   a 50-year-old man with CRPS involving shoulder and hand after a soft 
tissue injury. Row 1 A-C: Grossly swollen right hand at presentation barely able to hold the bulb of  the dynamometer or press the 
pinch guage.D-F: Developed a grip strength of  1 psi at 15 days and is seen writing normally at 30 days. Row 2 A: In addition 
to the loss of  distinction between extensor muscles there is fluid collection between brachioradialis and supinator. B: Only 
pronator teres is distinguishable, the rest of  the flexor muscles form an amorphous mass. C: The muscles of  normal left hand 
showing normal myoarchitecture. D: Return of  muscle bulk and architecture to the flexors at 15 days though hyperechogenecity 
persists and the muscle bulk is yet to increase to the size of  the left extremity. Row 3: Series showing the relief  of  sudomotor 
changes of  the CRPS hand after at 15 and 45 days. There is a complete reduction of  effusion around digital tendons by 45 days 
as shown in Fig. C. 

cm intervals along the length and at 0.5 – 1 cm intervals 
along the breadth of the muscle to the full depth of the 
muscle, as seen on USG (Fig. 3). The spacing of needles 
was less important than the confirmation on USG that 
needles were placed in all the concerned muscles. For 
example, if a needle meant to enter the flexor digito-
rum superficialis and profundus (FDS and FDP) entered 
the flexor carpi radialis (FCR) and FDS, we would insert 
an extra needle to target FDP. Sometimes the muscle 
destruction could be such that necessitated anatomic 
guesswork. If the needle was visualized on USG to be 
near a vessel or the median nerve, we would redirect 

the needle or leave that needle and insert another in-
stead. Thus the above description of needle spacing is 
a generalized description of our procedure. In the first 
few sessions of DN, the needle introduction provoked 
pain, especially in patients with allodynia and hyperal-
gesia. But if the needle was left in situ for a minute or 
2, the pain would subside and the needle could be ad-
vanced another 1 – 2 cm. Thus it had to be an incremen-
tal introduction to make it comfortable for the patient.  
MSKUSG showed that there were active twitches in the 
muscles when the patient reported pain and it was only 
after these twitches subsided that we could advance 
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the needles. The muscle would be grasping these nee-
dles and it would be difficult to withdraw them even by 
a centimeter to redirect it around a vessel or a nerve. 
The needles were removed 30 – 40 minutes after all the 
twitches had completely subsided and the removal was 
smooth and painless.

The needles were solid needles of 32 gauge used 
commonly for acupuncture. The length could be 2.5 to 
4 – 5 cm in the forearm depending on the muscle thick-
ness as the needles would go right down to the bones. 
Around the shoulder we used 6 – 7.5 cm needles to go 
through the bulk of shoulder muscles. 

Results 
The sonographic signature of muscle in the nor-

mal extremity was distinct as a predominantly dark hy-
poechoic background of muscle fibers with contrasting 
streaks of bright hyperechogenic septae. The nerves 
and vessels were located within sharply defined hyper-
echoic fascial intermuscular compartments. The bones 
formed dense hyperechoic lines with dark uniform 
shadow. In contrast, the hallmark of MSKUSG findings 
in CRPS-1 was a loss of normal myoarchitecture with 
loss of the distinction of endo-, peri-, and epimysium to 
various degrees in all the involved muscles. There was 
a predominance of hyperechogenic fibrous tissue (3-
7). The wasting and hyperechogenecity within a mus-
cle correlated significantly with difficulty in initiating 
and sustaining movements by that muscle. The great-
est damage was seen as a uniform hyperechoic fibrous 

Table 2. Details of  dry needling.

Muscles needled Day 1 of  DN 15 days post DN 45 days post DN

Neck:  trapezius, levator scapulae, 
splenius,semispanalis, scalenes, longissimus 
and iliocostalis cervis and capitis

 Significant resistance to passage of needle for 
DN in all the muscles

Perceptible reduction 
to resistance 

Resistance to DN 
absent 

Shoulder: Supra/infraspinatus, latis-
simus dorsi, teres major/minor, sub-
scapularis, pectoralis major/minor, deltoid, 
coracobrachialis.

 Significant resistance to DN in all the muscles No resistance to DN Resistance to DN 
absent

Arm: biceps, brachialis & brachioradialis-  
anteriorly; triceps- posteriorly 

Significant resistance to DN in all muscles. Bi-
ceps & brachialis felt bone-like during needle 
insertion in many patients.  

Resistance to DN 
much reduced 

Resistance to DN 
absent 

Forearm: Flexor carpi radialis & ulnaris, 
flexor digitorum superficialis & profundus, 
pronator teres & quadratus- anteriorly; 
brachioradialis, extensors of the wrist & 
fingers, supinator & anconeus, posteriorly.

Significant bone-like resistance to needle 
insertion in most muscles. Brachioradialis, 
pronator teres & quadratus were better in a 
few patients. Resting twitches seen on USG in 
flexors and extensors in 10 patients. Twitches 
on DN of same muscles seen in 24 patients

Resistance to DN 
much reduced but 
needle encountered a 
grating sensation. No 
resting twitches in any 
patient 
Twitches seen on DN 
in 8 patients 

Minimal but percep-
tible resistance to DN. 
 No twitches at rest or 
on DN.

mass replacing the distinct individual muscles associated 
clinically with an extreme difficulty with any purposeful 
movement, dystonia, and tremors (Figs. 4, 5). This type 
of damage was seen in 10 patients (22.72%). However 
in 34 patients (77.27%) there was mainly an involve-
ment of FDS and FDP, while other muscles like pronator, 
FCR, and palmaris longus discernible though the caliper 
measurement showed wasting (Figs. 1, 7). In patients 
with marked difficulty with supination, the supinator 
and pronator showed fibrosis (seen as hyperechogenec-
ity as early as 7 days of onset of CRPS) as well as reduc-
tion in size compared to the normal limb. Ten patients 
showed muscle edema in various muscles like the biceps 
(Figs. 1, 7), FDS, and FDP (22.72%) along with unequivo-
cal muscle atrophy. Fig. 7 shows intramuscular fluid col-
lection in the supinator muscle. The same patient also 
showed marked effusion around the digital extensor 
tendons. The MSKUSG changes were very constant ei-
ther prominently or subtly with specific changes only 
in muscles like FDS and FDP involved in digital flexion.   

All 44 patients showed a disappearance of pain, 
sleep disturbances, and reduction of warmth and swell-
ing after 2 – 3 DN sessions (a week) (Table 3). A new 
distinction between rest pain and movement pain was 
introduced because all our patients became remark-
ably pain free at rest and within their active movement 
range but experienced pain with passive guided move-
ments by the physiotherapist to achieve better ROMs. 
As DN continued, active ROMs kept increasing until it 
was possible to achieve pain-free full ROM.
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mainly because of movement impedance by the surgi-
cal implant. Patients were followed up for a year after 
treatment completion with quarterly phone calls by 
our clinic secretary who was unaware of the treatment.  
They were asked whether they had any pain, stiffness, 
or disability that hindered their personal or profession-
al life. They were also asked if they were happy with 
their activities and whether they were performing all 
activities as they were doing prior to CRPS onset. Thirty 
nine patients (88.6%) maintained their improvement 
for one year after successful completion of treatment, 
3 patients (6.8%) were lost to follow-up after 6 months, 
and 2 others (4.5%) after 3 months.

Complications of DN 
Pain with needle advancement necessitated incre-

mental advancement in certain muscles in all 44 pa-
tients. Dramatic reduction of allodynia, rest pain, and 
stiffness after the first session of DN ensured their co-
operation for further DN. Twelve patients with allodyn-

Dystonia and tremors were replaced by purposeful 
movements within the first 10 – 15 days. By 15 days, all 
patients could flex their fingers around the dynamom-
eter bulb to grasp it (Figs. 2, 6, 7). Within 30 days, 29 
patients (65.94%) could make a tight fist. Activities of 
daily life (ADL) like using door handles, lifting objects, 
and the fine hand movements necessary to write, dress, 
etc. were also achieved, as indicated by improved DASH 
scores (Fig. 8). Twenty-six patients (59%) achieved full 
functionality by 30 days and 14 patients (31.81%) by 45 
days. At 45 days, 43 patients acquired the grip strength 
to generate dynamometer reading 3 – 4 pounds per 
square inch (psi). This included 23 patients (57.5%) who 
had presented with apparently fixed flexion deformi-
ties at IPJ and MPJ. This global motor improvement co-
incided with a return of discernible muscle outline and 
increase in muscle size and islands of normal hypoecho-
ic muscle tissue on USG (Figs. 1, 4, 7). Five patients 
(11%) with traumatic and/or surgical injuries involving 
multiple joints reported a few residual compromises 

Table 3. Response to treatment at 15 and 45 days.

First visit 15 days 45 days 

Rest pain: 38 patients had rest pain; 12 patients presenting with 3 
months of CRPS had constant 7-9 NRS pain; 15 patients  presenting  
between 3-6 months had intermittent 4-6 NRS pain; 11 patients pre-
senting after 6 months had intermittent 2-3 NRS pain. 6 presented 
with > 9 months of CRPS with no pain at rest 

 Rest pain and sleep disturbance was 
absent after 2-3 DN sessions in all 
patients. No rest pain at subsequent 
assessments. 

No rest pain 

Movement pain: All had 5-10 NRS pain on movement with the pain 
increasing with attempts to increase the range of movement 

No movement pain in 18 patients. 
12  reported 4-5 NRS at extreme 
ROM 

No movement pains even at 
extreme ROM

Allodynia/hyperesthesia/hyperalgesia: 10 patients had allodynia, 
hyperaesthesia; 26 had mechanical hyperalgesia; 8 had no sensory 
symptoms.

Sensory symptoms started to abate 
after 2nd session; No sensory symp-
toms reported after that.

No sensory symptoms

Sudomotor: 28 had constant swelling; 16 had intermittent swelling  No swelling No swelling 

Vasomotor: All had color asymmetry, 24 patients had  constant tem-
perature asymmetry; 10 had intermittent temperature asymmetry; 
10 had none  

Color asymmetry present.  No 
temperature asymmetry

Color asymmetry reduced  
No temperature asymmetry

Motor symptoms: All had stiffness and weakness. 32 had tremors 
and 12 patients had dystonia  

Stiffness, weakness reduced with   
obvious increase ROM and power, 
tremors, dystonia absent.

Stiffness, weakness negligible. 
Activities of daily life possible. No 
tremors, dystonia 

Movement restrictions: Hand- all had severe movement restric-
tions at fingers and wrist. 34 patients could not even flex the fingers 
around the dynamometer bulb; shoulder- 26 patients had move-
ment restrictions with abduction & internal rotation being the worst 
affected; elbow- 2 had restriction of flexion and 8 had restriction of 
supination. The ROM on goniometry at various joints of upper ex-
tremity, dynamometry, and pinch gauge readings were much lower 
than the 25th percentile compared to normal extremity. 

75%improvement at IPJ but MPJ 
movement still at 50% of normal. 30 
patients could generate between 1-3 
psi grip strength on dynamometer. 
Pinch gauge readings were 60% of 
normal. Elbow & shoulder-26 pa-
tients showed 80-90% improvement 
of ROM. 4 patients with surgery and 
implants improved by 60-70%.     

IPJ and MPJ improved by 80-90% 
ROM improvement in 24 patients, 
but MPJ still 70-80% in 8 patients. 
Grip strength on dynamometer 
was between 3-5psi. Pinch guage 
readings 80% of normal. Elbow, 
shoulder ROM normal in 26 
patients. 4 patients with elbow & 
shoulder surgery had about 10-
20% residual restriction. 

DASH scores: 83-87 (85 +1.5) Range: 30-35 (32.5 +1.8) Range: 9-12 (10.5 + 1.2)
psi: pounds per square inch.
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ia reported bearable pain on skin penetration which 
disappeared after 3 – 4 sessions of DN. Ecchymoses un-
der the skin after needle removal were observed fairly 
commonly in all patients, but would fade uneventfully 
within 7 – 10 days. 

Discussion 
Motor impairment has been reported as a constant 

feature of CRPS-1 (9-20). We propose a correlation be-
tween the objective information of muscle structure 
and digital synovial sheaths effusion from MSKUSG 
findings (Figs. 1, 6, 7), with the movement difficulty, 
weakness, and stiffness of CRPS as documented by dy-
namometry, goniometry, and disability scores such as 
DASH.

It follows that resolution of MSKUSG findings 
would be associated with a similar clinical improvement 
of motor findings. The MSKUSG at 15 days showed a 
reduction of edema in the muscle and synovial sheath 
(Figs. 1, 6, 7). This was associated clinically with a strik-
ing pain relief, improvement of CDC, improved ROMs, 
and sleep. The MSKUSG at 30 days showed a definite 
reappearance of hypoechoic muscle fibers, increased 
muscle bulk, and absence of muscle and peritendinous 
edema (Figs. 1, 4-7). Clinically there was an absence of 
CDC, improved functionality with resumption of activi-

ties of daily life, and improved outcome parameters like 
goniometry, dynamometry, and DASH scores. 

The parallel improvement of clinical and MSKUSG 
findings have led us to surmise that pain, warmth, 
and swelling in CRPS were actually a local inflamma-
tory phenomena in the hand from a mechanical teno-
synovitis developing as a consequence of movement 
difficulties. Actually the term tenosynovitis denotes an 
infection but there is no infection here as the inflam-
matory phenomena result from a mechanical issue. A 
better term is “tendinoses” as has been suggested in 
DQST (21).

To link the inflammatory phenomena with myofas-
cial destruction documented on MSKUSG, we surmised 
that the actual myofascial pathology leading to CRPS-1 
was a co-contraction of digital and wrist flexors and ex-
tensors. The constant co-contraction causes the move-
ment difficulties like stiffness, weakness, tremors, and 
dystonia of CRPS.

Co-contraction is defined as “the simultaneous 
contraction of agonist and antagonist muscles across 
a joint to hold a position” (22). Muscles are classified 
as agonist, antagonist, fixator, or synergist. At the ini-
tiation of any normal movement, both agonists and 
antagonists come into action. The agonist continues 
to contract throughout the movement, while the an-

Fig. 8. DASH values before and after treatment with DN. Disability of  arm shoulder and hand (DASH) scale is a composite 
scale that assesses the functionality of  the whole upper extremity. The complex functions performed by the extremity require 
coordination between various parts of  the limb and invariably involves proper functioning at various joints of  the limb. The 
very high pretreatment values prior to DN indicate the severe disability prevalent amongst CRPS patients. At 15 days of  DN 
there was a more than 50% improvement in DASH values and by 45 days the values showed a 75% improvement. The residual 
disability was reflective of  permanent fixed deformities because of  implants remaining in situ rather than a persistence of  the 
CRPS pathology.
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tagonist remains quiescent during the movement un-
til the deceleration phase. This transient activity at the 
beginning and end of movement and constant passive 
resistance during the movement by the antagonist 
is essential for guiding the movement and making it 
smooth, especially for fine digital movements (23,24). 
When agonists and antagonists contract together ac-
tively throughout movement, they behave as fixators 
and stabilizers. The co-contraction in CRPS-1 appears to 
have this fixator-like action at all the IPJs, MPJs, and 
wrist which precludes any functional activity. The clas-
sical resting posture of the CRPS hand reflects this with 
abnormal wrist flexion and extension of all fingers. We 
have observed that the tremors and dystonic move-
ments start when patients try to overcome this fixator 
action at these joints. Electromyographic (EMG) abnor-
mality of antagonist co-activation has also been previ-
ously reported in CRPS (25).

The Budapest criteria stipulates that CRPS patients 
should have one symptom each from the 4 categories 
of sensory, motor/trophic, vasomotor (color/tempera-
ture), and sudomotor/edema, and at least 2 signs from 
the same 4 categories. Co-contraction and its sequelae 
explain the varied clinical presentations encompassed 
by the diagnostic criteria of CRPS. It accounts for the 
hot red hand of early CRPS to the cold limbs of late 
CRPS with several other variants in between, as follows.

When the patients start developing co-contraction 
they are still able to move their fingers at the DIPJ, PIPJ, 
and MPJs, but with considerable difficulty. This is be-
cause of the extreme effort needed by the constantly 
stiff agonists to overcome the resistance offered by 
equally stiff antagonists. This causes strain and friction 
between the tendons and the synovial sheaths as well 
as within the snug osteo-fibrous tunnels of the fingers 
(24). After movement, the friction at the digital syno-
vial sheaths leads to synovial effusion characterized by 
very marked pain, redness, warmth, and swelling. This 
situation is akin to DQST. However, DQST is restricted 
to only the thumb while the global tendinoses of CRPS 
manifests as inflammation of all the flexor and exten-
sor tendons. We have proposed in previous papers that 
the loss of contractile muscle tissue from within the 
connective tissue framework deprives the muscle of 
elasticity in CRPS-1, whereas the non-contractile sup-
portive tough septae that remains leads to stiffness and 
motor impairment (3,4). MSKUSG has demonstrated 
repeatedly that hypoechoic muscle fibers disappear 
with a relative increase in hyperechoic connective tis-
sue framework as early as one week of onset of CRPS 

with mobilization after plaster cast removal. MSKUSG 
also shows that as CRPS progresses there are hardly any 
hypoechoic fibers left.

Severe constant pain from tendinoses leads to se-
quelae such as central sensitization and recruitment of 
the sympathetic system resulting in the sympathetic 
maintenance of pain (26,27) Thus in the early CRPS, the 
movements are limited both by the severe pain from 
the tendinoses and the stiffness of co-contraction. This 
cycle of movement – mechanical inflammatory tendino-
ses – movement avoidance continues until the patients 
learn to avoid movements altogether.

With complete movement avoidance, the tendino-
ses subside with the limb having a normal temperature 
or even becoming cold due to lack of muscular activ-
ity. Simultaneously, the oxidative stress from increased 
demand for oxygen and nutrients in the constantly co-
contracted muscles leads to exhaustion of the available 
oxygen and nutrient supply, ischemia, and fibrosis. The 
oxidative load in CRPS is apparently so high that isch-
emia appears to set in very early and runs such a rapid 
course that ischemia and fibrosis appear to happen 
almost simultaneously. In some patients who delayed 
their treatment even by a few weeks after first consul-
tation, we have observed that MSKUSG shows a very 
obvious escalation of hyperechogenecity in the forearm 
muscles implying an actual fibrosis of muscle fibers. 

From the perspective of initial co-contraction and 
later ischemic fibrosis, Bonica’s descriptions of hyper-
trophic, dystrophic, and atrophic stages appear very 
relevant though Bruehl et al have shown with cluster 
analysis that changes in CRPS argued against sequential 
staging of CRPS (28,29) as there was no association with 
CRPS duration. The 3 distinct clusters that emerged sug-
gested 3 subtypes of CRPS instead. One was a relatively 
limited subtype with predominantly vasomotor symp-
toms. The second was also relatively limited subtype 
with predominantly neuropathic and pain symptoms. 
The third was a florid CRPS syndrome similar to clas-
sic reflex sympathetic dystrophy (RSD) descriptions. 
Co-contraction explains both the sequential staging 
of Bonica and the subtyping of Bruehl et al (28,29). In 
some patients with severe co-contraction and inflam-
matory tendinoses, the sequential stages telescope into 
one another and reach the contracture stage within 
a few months (Fig. 4). This will be very different from 
the majority of CRPS patients where the co-contraction 
and inflammatory tendinoses are less severe and CRPS 
follows more sequential progress over years. The com-
plex interplay between co-contraction, tendinoses, and 
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the consequent events of sympathetic recruitment and 
spinal sensitization determines which symptoms will be 
predominant in the clinical presentation.  

In the stages described above, there could be any 
number of permutations and combinations of clinical 
manifestations. The determinants of these manifes-
tations could be the intensity of co-contraction, the 
gentleness of physiotherapist in coaxing just enough 
increase of ROM while avoiding a triggering of further 
tendinoses, the quality of analgesia, anti-inflammatory 
and neuromodulatory medications, and finally the for-
bearance of the patient to persevere with PT in spite of 
the pain. Intervention with DN of course, has the ability 
to reverse tendinoses, co-contraction, and even fibrosis.

The quality of analgesia differs between oral medi-
cations, sympathetic blocks (SGB), and a somatic block 
like continuous brachial plexus block (CBPB). At co-con-
traction stage (Bonica’s hypertrophic stage), we have 
found that SGB could help in relieving pain and swell-
ing but has the limitation that its effects are temporary. 
We later understood that for SGB to be effective, the 
co-contraction had to be mild enough to make PT pos-
sible without pushing them over the edge of repeated 
inflammatory tendinoses every time they had PT. How-
ever in most patients who received SGB, the stiffness 
did not improve in spite of an increase in the tempera-
ture of the already warm CRPS hand after SGB. We be-
lieve SGB only reduces the sympathetic response to the 
severe pain from tendinoses and that its vasodilatory 
effect has little benefit in CRPS (6,7).

CBPB would be a more logical treatment because it 
provides an ongoing analgesia that helps with PT. We 
have found that the persistent stiffness in spite of CBPB 
made PT difficult as it had to avoid recurrence of swell-
ing, warmth, and pain in the hand unless DN was added 
to CBPB (5-7). Without DN to address the co-contrac-
tion, CBPB had to last over several weeks (4 – 6 weeks) 
with all the attendant problems of an indwelling bra-
chial plexus catheter (our unpublished data).

All these problems with PT disappeared once we 
introduced DN into our treatment regime with the as-
sumption that there had to be a myofascial problem for 
the motor impairment of CRPS. In the co-contraction 
phase, USGDN could reverse the inflammation from 
tendinoses within a few days (2 – 3 DN sessions). This 
action of DN was independent of the quality of PT be-
cause any exacerbation of tendinoses by PT could be 
reversed by the next DN session to reinstate the patient 
onto the path of recovery. In fact the patients could 
achieve significant improvement with each session of 

PT without any yo-yo effects. Thus DN could reverse not 
only the CDC but also the disability of CRPS very quickly, 
within 3 – 4 weeks in early CRPS.

We later derived the mechanism of co-contraction 
in the CRPS pathogenesis by studying the effects of DN 
repeatedly in various patients in different phases of 
CRPS. The observation that DN of the digital extensors 
markedly improved finger flexion, while DN of flexors 
improved extension within few minutes of needle re-
moval provided an indication that co-contraction as the 
myofascial pathology could be responsible for stiffness 
and weakness of CRPS. Similar cause and effect obser-
vations on MSKUSG of routine reduction of peri-ten-
dinous effusion and skin temperature at 10 days after 
4 – 5 DN sessions provided objective confirmation that 
the sudomotor and vasomotor changes also were con-
sequent to co-contraction induced synovial inflamma-
tion. Specific movement restrictions could be correlated 
with the fibrosis seen ultrasonographically in concerned 
muscles. For example, fibrosis in the pronator teres, 
pronator quadratus, and the supinator could be corre-
lated with fixed pronation deformity. Specific USGDN 
of these muscles produced a progressive reduction of 
the pronation deformity with a concomitant reappear-
ance of normal muscle architecture and a documented 
increase in size. Similarly, if the index finger flexion was 
difficult, USGDN targeted extensor indicis, extensor 
digitorum (antagonists), the FDS, FDP (agonists), and 
the interossei and lumbricals of the index finger (syner-
gists). This ability to isolate the problem to address it 
made USGDN a systematic approach with predictable 
results. We have recently published the use of USGDN 
in reversing a much more benign version of co-contrac-
tion in a patient with writer’s cramp (30). 

The stages of ischemic contracture and ankylosis 
of CRPS (dystrophic and atrophic phases of Bonica) are 
phases where it is no longer the pain that limits move-
ments but an actual muscle contracture from fibrosis 
or ankylosed joints of claw hand which makes move-
ments impossible. Fatty degeneration, fiber atrophy, 
and nuclear clumping in the histopathology of muscles 
of the amputated CRPS-affected extremity have been 
previously reported (31,32). The inability to move 
probably reduces sympathetic recruitment as there is 
no pain or inflammation to provoke a sympathetic re-
sponse. Hence a sympathetic block at this stage is logi-
cally unlikely to help because there is hardly any block-
able sympathetic involvement in the CRPS pathology. 
Analgesia from CBPB may help the patient to do better 
PT but with a return of tendinoses (3). SGB/CBPB alone 
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could help only if performed before the co-contraction 
progresses to ischemic fibrosis. However DN as a sole 
treatment modality produces a significant reduction 
in recurring tendinoses probably by relaxing the few 
co-contracted muscle fibers left viable by the ischemic 
process. Our USG observations of hypoechoic muscle 
fibers making a reappearance in the previously hyper-
echoic fibrotic mass that occupies the forearm confirms 
the surmise that DN also brings in muscle regeneration 
from these few viable fibers (Figs. 1, 4, 7). Clinically, the 
regenerated new muscle fibers make movements easi-
er, improves the ROMs and later, strength of the muscle 
seen in the dynamometer readings and improved DASH 
scores.

Thus, co-contraction provides a different expla-
nation for the 2 major mechanisms in the current un-
derstanding of CRPS pathophysiology, namely inflam-
mation and ischemia (33). However this inflammation 
is mainly at the tendons (all 44 patients) and ischemia 
in muscles. Muscle edema seen in a few patients (10 
patients in this series, 22.72%) is probably reactionary 
edema from micro tears. The anti-inflammatory action 
of steroids would reduce this reactionary edema from 
micro tears but would be ineffective against the severe 
co-contraction that produced the micro tears in the 
first place. This might be the reason why intramuscular 
steroids have never been demonstrated to be a viable 
option for producing any lasting effect in CRPS (34,35). 
However we have never tried injecting the muscles as 
we have found that DN does the job of reducing muscle 
edema within 2 – 3 sittings (Fig. 1). We have found that 
injecting steroids into the synovial sheaths and into the 
IPJs, MPJs, and the wrist joints in some patients helped 
in reducing the inflammation, pain, and swelling in the 
hand (not in the 44 patients in this series). The ROM 
also improved marginally. But the stiffness from co-
contraction was still present 2 weeks after the injection 
and was re-inducing the tendinoses gradually. Again 
USGDN of forearm muscles could reverse the tendino-
ses within a week (2 – 3 sessions) and the disability in 
the next 3 – 4 weeks. 

The routine return of discernible muscle architec-
ture and bulk on MSKUSG in parallel with clinical im-
provement in all the CDC after 30 days of DN as the 
sole therapeutic modality   provided objective corrobo-
ration of our surmise that motor impairment of co-con-
traction was indeed the primary pathology amenable 
to reversal by DN. 

This kind of routine predictable cause and effect 
relationship has not been reported previously with any 

of the other CRPS treatments where a persistence of 
CDC years after the initial onset has been reported to 
be the norm (36) along with the associated disability. 
USG shows the reversal of fibrosis within 1 – 2 months. 
However only histopathological studies before and af-
ter DN would provide the final confirmation.

Sandroni et al (37) showed 11% permanent disabil-
ity based on retrospective chart reviews, but prospec-
tive outcome studies in CRPS (36,38,39) demonstrated 
that 64% of patients still fulfill IASP criteria at 5.8 years, 
with 31% being permanently incapable of work and 
28% having to make working adjustments. A web-
based epidemiological survey reported a 62% disability 
rate, a 96% sleep disturbance rate, 86% restricted mo-
bility, and self-care issues in 57% of patients after fail-
ure of multiple pharmacological and non-pharmaco-
logical interventions (39). A complete reversal of CRPS 
and its associated disability is unusual, as is the return 
to prior functionality. The uniform reversal of CRPS and 
its disability by DN in all our patients, including those 
patients with a sympathetically independent CRPS (not 
included in this 44 patients to avoid confusion of effi-
cacy between SGB and DN), highlights the primary role 
of the myofascial system in the pathogenesis of CRPS-1.

We are not certain what initiates the co-contrac-
tion in CRPS. It could be that pain afferents from a frac-
ture or injury alter the motor processing in the central 
nervous system, replacing the normal agonist/antago-
nist coordination with co-contraction of both groups 
to naturally “splint” the fractured/injured limb (19,20).  
Since DN which has been described as a specific treat-
ment for myofascial trigger points (MTrPs) appears to 
address not only the motor impairment, disability, and 
reverse the MSKUSG findings, but also the CDC, it is 
logical to assume that MTrPs in both agonists and an-
tagonists might be involved in the mediation of co-con-
traction. The pathophysiology of MTrPs (40-50) and the 
role of a compromised local blood supply, hypoxia, and 
acidosis at the MTrPs (42-45,47,48) in causing muscle 
pain and dysfunction in many chronic pain conditions is 
being increasingly accepted (51,52). The efficacy of DN 
in alleviating pain and MTrPs has also been extensively 
demonstrated by various authors (53-59).

PT, the historical therapeutic mainstay in CRPS, has 
always been limited by allodynia and the mechanical 
hyperalgesia characteristic of CRPS. Lack of uniformity 
amongst PT regimes (60) forms yet another limitation. 
The predictability of DN in providing repetitive re-
prieves from symptoms of recurrent inflammation led 
to a more effective PT in our patients, with a steady and 
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