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Abstract:

Introduction: In drop finger, the extension of the finger is limited, although the wrist can be flexed dorsally. There have
been no well-organized reports on drop finger pattern caused by cervical nerve root disorder. Moreover, diagnosis and treat-
ment are delayed because of the inability to distinguish cervical radiculopathy from peripheral nerve disease. This study
aimed to clarify the operative outcome of microscopic cervical foraminotomy (MCF) for cervical radiculopathy presenting
drop finger and to investigate whether our classification based on drop finger patterns is useful retrospectively.

Methods: Overall, 22 patients with drop finger who underwent MCF were included. Grip power (GP) and longitudinal
manual muscle test (MMT) score of each finger were examined. Drop finger patterns were classified as types I, II, and IIL
In type I, the extension disorders of the middle and ring fingers are severe and those of index and little fingers are mild. In
type II, the extension disorders are severe from the little finger and slightly to index finger. In type III, the extension disor-
der is consistently severe in all fingers. Perioperative nerve root disorder and paralysis degree were investigated for all
types.

Results: The mean GP was significantly postoperatively improved in all 22 patients. The mean MMT score would benefit
from exact data for almost all muscles, except the abductor pollicis brevis at the last follow-up. However, pre- and postop-
erative paralyses were severe in type III patients. C7 nerve root disorder was confirmed in 5/6 type I patients and C8 nerve
root disorder in 12/13 type II and 3/3 type III patients.

Conclusions: The operative results of MCF were relatively good, except in type III patients. As a certain tendency was
confirmed between the drop finger types and injured nerve roots, our classification may be useful in reducing misdiagnosis
and improving the operative results to some extent.
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Introduction

Drop finger is a condition in which the extension of the
finger is limited, although the wrist can be flexed dorsally.
Patients with drop finger experience difficulty in washing
their faces, typing on computer keyboards, and catching
dropped or thrown items, owing to limited finger extension,
adduction, and abduction. Thus, these patients experience
difficulty in activities of daily living and manual labor. Cer-

vical radiculopathy [cervical foraminal stenosis (FS) and lat-
eral cervical disk hernia (lateral CDH)] causes finger numb-
ness, sensory disturbance (S-D), and pain in the scapular or
interscapular region and rarely results in drop finger'”.

Drop finger due to cervical radiculopathy is considered
primarily to be a C8 nerve root disorder but may occasion-
ally present as a C7 nerve root disorder. Notably, the differ-
ence is not clear*”. In addition, it is necessary to differenti-
ate cervical radiculopathy from radial nerve palsy, posterior
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interosseous nerve paralysis (PIN palsy), ulnar nerve palsy,
extensor digitorum muscle tendon rupture, and neurologic
diseases”'”. Because both the extensor carpi radialis (ECR)
and the extensor carpi ulnaris that are mainly innervated by
C6 are preserved in C7 and C8 radiculopathy, wrist exten-
sion is possible and differentiating cervical radiculopathy
from radial nerve palsy is relatively easy; however, PIN
palsy and ulnar nerve palsy are difficult to differentiate from
C7 or C8 radiculopathy. Furthermore, drop finger with cer-
vical radiculopathy could be misdiagnosed as PIN palsy if
these patients do not experience pain, numbness, and S-D in
limbs or fingers". The surgical outcomes of microscopic cer-
vical foraminotomy (MCF) for drop finger due to cervical
radiculopathy are typically not good'™”. As mentioned above,
this may be the reason why other diseases could not be dif-
ferentiated from cervical radiculopathy and the operated lev-
els were mistaken. With regard to radial nerve palsy, ulnar
nerve palsy, and PIN palsy, characteristic finger forms have
been reported and are very useful in their diagnosis', but
there have not yet been any well-organized reports with re-
spect to the drop finger pattern caused by cervical nerve
root disorder. Therefore, diagnosis and treatment are delayed
because of the inability to distinguish cervical radiculopathy
from peripheral nerve disease. Thus, we aimed to elucidate
the operative outcome of MCF for cervical radiculopathy
presenting drop finger and to investigate whether our classi-
fication based on drop finger patterns is useful for diagnosis
and treatment retrospectively.

Materials and Methods

Finger extension with a manual muscle test (MMT) score
of <3 in a unilateral neutral position of the wrist and with
dorsal flexion of the wrist, without weakness in other mus-
cles, was defined as drop finger. In total, 22 patients (18
men, 4 women) with drop finger due to cervical radiculopa-
thy who underwent MCF including herniotomy during a
medical examination at our institutions from May 2005 to
November 2018 were included in this retrospective study'.
The operative criteria included patients who showed no im-
provement in their condition even after >1 month of the ap-
pearance of drop finger.

Classification of the drop finger pattern due to cervical
radiculopathy

Three drop finger patterns during maximal extension in
the neutral position of the wrist were identified. In type I,
the middle and ring finger extension disorders are severe
compared with index and little finger extension disorders,
and the MMT score of the abductor pollicis brevis (APB) is
23. In type II, the degree of severity of extension disorders
from the little to the index finger is not the same; the exten-
sion disorder of the little finger is most severe, followed by
the ring finger, middle finger, and index finger, whereas the
index finger extension disorder is mild; the MMT score of
APB is 23. In type III, all four finger (from index finger to
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little finger) extension disorders are similarly severe; the
MMT score of APB is <3 (Fig. 1). All 22 drop finger pat-
terns were divided into three patterns, and no other patterns
were seen.

Postoperative care

Postoperatively, all patients wore cervical braces for 1
week; a reverse knuckle-bender splint with an outrigger
(BUNNELL, CA, USA) was used for patients with severe
paralysis'”.

Assessment parameters

The following parameters were assessed for all patients:
(1) numbness range; (2) S-D range, (3) presence or absence
of dorsal interosseous (DI) muscle atrophy; (4) presence or
absence of triceps weakness; (5) imaging findings (presence
or absence of lateral CDH and/or cervical ES); and (6) elec-
tromyography (EMG) results [the ulnar, radial, and median
nerves were examined for sensory nerve conduction and mo-
tor nerve conduction velocities. Moreover, the biceps
brachii, ECR, flexor carpi radialis, triceps, extensor indicis
proprius (EIP), extensor digitorum muscle (EDC), APB, first
DI, and C8 paraspinal muscle were examined for denerva-
tion potential using the polyphasic neuropathic unit in nee-
dle EMG]"'”; (7) operative methods; (8) perioperative find-
ings (presence or absence of lateral CDH and/or FS); (9)
consistency in imaging findings and perioperative findings;
(10) pre- and postoperative grip power (GP); and (11) the
mean MMT score, which was investigated for the extensor
of the index finger (EIP and EDC), middle finger (EDC),
ring finger (EDC), and little finger [the extensor digiti
minimi (EDM) and EDC], the interosseous palmaris (meas-
ured between the ring and little fingers), the abductor digiti
mini (ADM), and APB pre- and postoperatively at 1 month,
6 months, 1 year, and at the last observation. The mean
MMT score of each muscle was pre- and postoperatively
compared using the Mann-Whitney U test (BellCurve for
Excel ver 2.20). In this study, *p<0.05 and **p<0.01 were
considered significant.

Moreover, the following parameters were examined in
each type of descensus patterns: (12) the frequency of tri-
ceps weakness; (13) the frequency of DI atrophy; (14) the
presence or absence of C7 and C8 nerve root disorders
based on perioperative findings (nerve root disorder was
considered present when both operator and assistant identi-
fied flattening and hyperemia of the nerve root) (Fig. 2);
and (15) the mean MMT score of each muscle with type III
pattern, which was compared with those of muscles with
other types preoperatively and at the last observation.

The frequencies of parameters 12 and 13 were examined
using the chi-square test, whereas those of parameter 15
were examined using the Mann-Whitney U test (BellCurve
for Excel ver 2.20). *p<0.05 and **p<0.01 were considered
significant.
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Type llI

Classification of the drop finger pattern due to cervical radiculopathy in the neutral position of the

For type I pattern, extension disorders of the middle and ring fingers are severe and those of index and little

fingers are mild; the MMT score of APB is 23.

For type II pattern, extension disorders are severe (in descending order) from the little finger to the ring finger,
middle finger, and (slight) index finger; the MMT score of APB is >3.
For type III pattern, extension disorder is consistently severe in all fingers; the MMT score of APB is <3.

Results

This study included 22 patients (18 men, 4 women) with
drop finger due to cervical radiculopathy who underwent
MCF. The average patient age was 60 (range, 40-88) years.
The number of patients with right- and left-hand paralysis
was 11 each. The mean follow-up period was 13.8 (range,
1-40) months. The mean period from the onset of paralysis
to surgery was 5.3 (range, 2-16) months. The mean surgery
time was 127 (range, 86-191) min, and the mean bleeding
volume was 103 (range, uncountable-470) ml.

The results and summary of each parameter for all the 22
patients are summarized in Table 1, 2, respectively. Numb-
ness and S-D were frequently confirmed from the middle to
little fingers. DI atrophy was noted in 41% and triceps
weakness in 23% patients. EMG performed in 15 of 22 pa-
tients revealed no peripheral neuropathy in all examined pa-
tients (7 patients were diagnosed with cervical radiculopathy

without using EMG). The operative method was MCF at C
6/7 for 1 patient, at C7/Thl for 5, and at C6/7 and C7/Thl
for 16 patients. Five of the 22 patients underwent prophylac-
tic expansion of the spinal canal because of mild central
stenosis.

The disk level of lateral CDH occurrence observed during
perioperative findings was consistent with that determined
using imaging findings. However, the disk level of cervical
FS occurrence coincided in only 53.8% of patients. The
mean GP was significantly improved on the disorder side
postoperatively (*p<0.05).

Muscular strength improvement was noted in either finger
in all patients at the 1st postoperative month. At the Ist
postoperative month (N = 22), the mean MMT scores were
improved for the middle finger (*p<0.05) and ADM (¥p<
0.05) compared with the preoperative scores. At 6 postop-
erative months (N = 18), the mean MMT scores were im-
proved for the middle finger (**p<0.01), ring finger (*p<
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Normal nerve root

Figure 2. Nerve root disorder and normal nerve root.

The diseased nerve root (yellow arrowheads) shows flattening and hyperemia compared

with the normal nerve root (black arrowheads).

0.05), and ADM (¥p<0.05) compared with the preoperative
scores. At the Ist postoperative year (N = 14), the mean
MMT scores were improved for the middle finger (**p<
0.01), ring finger (**p<0.01), little finger (p<0.05), interos-
seous palmaris (**p<0.01), and ADM (*p<0.05) compared
with the preoperative scores. At the last observation (N =
22), the mean MMT scores were improved for the index fin-
ger (*p<0.05), middle finger (**p<0.01), ring finger (**p<
0.01), little finger (**p<0.01), interosseous palmaris (**p<
0.01), and ADM 3.7 (*p<0.05) compared with the preopera-
tive scores (Fig. 3).

The number of type I, II, and III cases was 6, 13, and 3,
respectively. Differences between the frequencies of triceps
weakness and DI atrophy were not statistically significant
among the three types. In patients with type I pattern, ab-
normal findings of nerve root disorders included radicular
flattening and hyperemia; perioperatively, C7 and C8 nerve
root disorders were noted in of 5 and 1 patient, respectively.
Regarding patients with type II pattern, perioperatively, none
of these patients exhibited C7 nerve root disorders alone, 8
exhibited C8 nerve root disorder alone, and 5 exhibited C7
and C8 nerve root disorders. In patients with type III pat-
terns, perioperatively, C8 nerve root disorders were found in
all patients.

The preoperative mean MMT score of each muscle in pa-
tients with type III pattern (N = 3) was as follows: 1, 1, 1,
1, 1.3, 1.3, and 0.7 for the index finger, middle finger, ring
finger, little finger, interosseous palmaris, ADM, and APB,
respectively. In other types (N = 18), the mean MMT score
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was 3.4, 2.2, 2, 2.4, 3.1, 3.1, and 4.7 for the index finger,
middle finger (*p<0.05), ring finger (**p<0.01), little finger
(**p<0.01), interosseous palmaris, ADM, and APB (**p<
0.01), respectively. At the last observation, in patients with
type III pattern (N = 3), the mean MMT score was 2.7, 2.7,
2.7, 2.7, 3, 2.7, and 3 for the index finger, middle finger,
ring finger, little finger, interosseous palmaris, ADM, and
APB, respectively. In other types (N = 18), the mean MMT
score was 4.1, 3.4, 3.3, 3.6, 4.1, 3.9, and, 4.8 for the index
finger, middle finger, ring finger, little finger, interosseous
palmaris, ADM, and APB (**p<0.01), respectively.

The extensor muscles from the middle to little fingers, as
well as APB, showed a significantly lower preoperative
mean MMT score; moreover, postoperative muscular
strength improvement in APB was poor in patients with type
IIT pattern (Table 3).

Discussion

After MCF, muscular strength improvement of either fin-
ger was noted at the 1st postoperative month along with sig-
nificantly improved MMT scores of all muscles, except that
of APB at the last observation compared with the preopera-
tive score. Unexpectedly, these results were relatively good.
However, the surgical results in type III patients were poor,
when the drop finger pattern due to cervical radiculopathy
was classified into three types.

In this study, drop finger did not improve for an average
of 5 months from the onset of paralysis without surgical
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Types of Pattern, Somatology Findings, Imaging Findings, and Surgery Findings of All 22 Cases.

In the column of Pre-op numbness, 2 means index finger, 3 means middle finger, 4 means ring finger, and 5 means little finger.

MRI and CT findings Operative findings
Pre-op Pre-op - . - - Post-op
Age  Type  \(imbness G/P Hernia  Foraminal Operative methods Hemia  Foraminal  Injured G/P
stenosis stenosis root
44 I 2,3,4 21.1 C6/7 - C6/7, C7/Th1 FOM Co/7 - 7 439
44 1 4,5 324 C6/7 - C6 LAM, C6/7, Co/7 - 7 32.7
C7/Th1 FOM
72 1 4,5 Not C7/Thl C6/7, C7/Thl FOM C7/Th1 - 8 Not
examined examined
64 1 3,4,5 0 - Co/7 C5-C7 LAM, C6/7 FOM - Co/7 7 12
62 1 - 10 - Co/7 C6 LAM, C6/7, - Co/7 7 19.3
C7/Th1 FOM
88 I 3,4 Not - Co/17, C5-C6 LAM, C6/7, - Co/7 7 Not
examined C7/Thl C7/Th1 FOM examined
47 11 3,4,5 11.5 Co6/7 C7/Thl C6/7, C7/Thl FOM Cco/7 C7/Th1 7,8 24
57 II - Not C7/Thl - C6/7, C7/Th1 FOM C7/Thl - 8 Not
examined examined
58 1I - Not C7/Thl - C7/Thl1 FOM C7/Thl - 8 Not
examined examined
63 11 - Not C7/Thl - C6-C7 LAM, C7/Thl - 8 Not
examined C7/Th1 FOM examined
57 1I 4,5 33 C7/Thl Co/7 C7/Th1 FOM C7/Thl - 37.6
56 11 3,4,5 30.3 C7/Thl co/7 C6/7, C7/Thl FOM C7/Thl - 8 35.6
74 II 5 20 - Cco6/7 C6/7, C7/Th1 FOM - Co/17, 7,8 29
C7/Thl
54 1I 2,3,4 Not - C7/Thl C7/Thl1 FOM - C7/Thl 8 Not
examined examined
78 II 2,3,4 11 - C7/Thl C7/Thl1 FOM - C7/Th1 8 15
38 11 4,5 27 - Co/17, Co6/7, C7/Th1 FOM - C7/Thl 8 32.6
C7/Thl
43 11 4,5 32 - Co/7, C6/7, C7/Thl FOM - Co/7 7 447
C7/Th1
66 1I 4,5 19 - Co/17, Co6/7, C7/Th1 FOM - Co/17, 7,8 22
C7/Thl C7/Thl
70 I 4,5 20.3 - Co/7, C6/7, C7/Thl FOM - Cco/7, 7,8 34
C7/Thl C7/Thl
55 1 Unknown 14.3 C7/Thl Co/7 Co6/7, C7/Th1 FOM C7/Thl - 17.4
60 I 3,4,5 21.2 - co/7 C6/7, C7/Thl FOM - C7/Th1 8 27.2
69 I 3,4,5 14.1 - Co6/7 C6/7, C7/Th1 FOM - C7/Thl 8 20.3

-, none; FOM, foraminotomy; LAM, laminoplasty

treatment; therefore, it is resistant to conservative manage-
ment. Moreover, misdiagnosis or inappropriate diagnosis can
delay treatment. As a characteristic of drop finger due to
cervical radiculopathy, numbness and S-D ranges frequently
involved the middle to little fingers. Moreover, triceps weak-
ness was also noted, similar to that noted in a previous re-
port”. However, some patients did not experience numbness
and triceps weakness. Furthermore, it was particularly diffi-
cult to diagnose FS solely on the basis of imaging findings,
and many patients were diagnosed only after we confirmed
nerve root disorder via perioperative findings.

Initially, we seem to indicate that case reports of drop fin-
ger provide inadequate details of the postures, and then we
say that the postures reported in case reports correspond
well to our classification system"*”. Thus, we devised a clas-

sification from drop finger postures to avoid misdiagnosis of
diseases and nerve root disorders.

In type I pattern, index and little finger extensions are
relatively stable, although the middle and ring fingers hang
down; this is a very specific finger posture, which is not ob-
served in peripheral nerve disorders. The surgical results for
this type were relatively good. Because some anatomy
books have described that both C7 and C8 nerve roots simi-
larly innervate EIP, EDC, EDM, and triceps (Table 2), we
cannot explain why the descensus degree between the index
and little fingers was the same; however, these degrees dif-
fered from those of the middle and ring fingers™*". We
found that 5 of 6 patients with type I pattern exhibited C7
nerve root disorders, as noted perioperatively. Moreover, we
found that 1 patient in this study showed improvement at C
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Table 2. Summary of Parameters.
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I M R L
Numbness (N=18) 3 9 15 14
S-D (N=10) 8 9 7
DI atrophy 41% (9/22)
Triceps weakness 23% (5/22)
Imaging findings Co/7 C7/Thl
CDH (N=10) 3 7
FS (N=16) 13 8
Operative level Co6/7 C7/Thl C6/7 and C7/Thl
1 5 16
Perioperative findings Cco/7 C7/Thl
CDH (N=10) 3 7
FS (N=13) 7 9
Coincidence image and perioperative findings CDH FS
100% 53.80%
GP Preoperative Postoperative
19.8 kg 28 kg*

I, index finger; M, middle finger; R, ring finger; L, little finger; CDH, cervical disk hernia; DI, dorsal in-

terosseous muscle; FS, foraminal stenosis; GP, grip power; S-D, sensory disturbance

GP was significantly improved postoperatively (*p<0.05).

Ext. index finger Ext. Middle finger

Ext. Ring finger

*P<0.05
**P <0.01

Ext. little finger

. s 5 5 5 - —
| 4 I 4 e 4
3 /‘ 3 - 3
| oS /"T-‘ )
] 1- - 1 -
4 B 0 - B 0 - B 0 - B,
Pre 1M 6M 1Y Final Pre 1M 6M 1Y Final Pre 1M 6M 1Y Final Pre 1M 6M 1Y Final
Interosseous
palmaris ADM APB
5 1 P 5 Lo * 5 4
4 - 4 - 4 - *—4—/—?
3 1 3 - /“' 3 -
2 2 41 2 4
1 - 1 1 1 -
0 - 0 - 0 +——

Pre 1M 6M 1Y Final

Pre 1M 6M 1Y Final

Figure 3. Pre- and postoperative mean MMT score in each muscle.

Pre 1M 6M 1Y Final

At the last observation, all muscles, except APB, showed significant improvement (**p<0.01).

6/7 alone using MCF, which is consistent with the findings
in a patient with similar descensus pattern reported by Hori

et al®. Thus, type I patterns may mainly be associated with

C7 nerve root disorders.
In patients with type II pattern, the little finger exhibits

28

the greatest descensus with a decreasing degree of descensus
in the ring, middle, and index fingers; this explains most of
the cases that we encountered. The surgical results for this
type were relatively good. Although this type may resemble
the pattern observed due to tendon rupture in EDM, drop



dx.doi.org/10.22603/ss11.2019-0040

Spine Surg Relat Res 2020; 4(1): 23-30

Table 3. Characteristics of Each Drop Finger Type.

Muscle weakness

Nerve roots with disorder

; (perioperative findings)
Type N of triceps First DI atrophy
C7 C8 C7andC8
1 6 50% (3/6) 33% (2/6) 5 1 0
11 13 23% (3/13) 31% (4/13) 0 8 5
III 3 66% (2/3) 100% (3/3) 0 3 0
DI, dorsal interosseous muscle
() represents the number of cases.
finger caused by cervical radiculopathy limits the extension Limitations

of the little finger and other extensors, making differentia-
tion easy. Furthermore, Campbell et al. reported the posture
between the ring and little drop fingers, which was similar
to that observed in type II pattern, and named it pseudo-
pseudo ulnar claw hand”. Differentiating claw hand due to
ulnar nerve disorder from drop finger due to cervical radicu-
lopathy is based on the posture at finger extension. A hand
in the ulnar claw position has the ring and little fingers ex-
tended at the metacarpophalangeal (MCP) joints and flexed
at the interphalangeal (IP) joints. In contrast, drop finger due
to cervical radiculopathy has both ring and little fingers ex-
tended at IP joints and flexed at MCP joints". These pa-
tients experience difficulty in delicate activities, including
typing on computer keyboards; therefore, ADM, interosse-
ous palmaris with C8 innervation, and finger extensor mus-
cle exhibited weakness (Table 2)"**”. Four patients who un-
derwent MCF only at the C7/Thl level exhibited type II pat-
tern; all the 4 patients showed improvement, and 12 cases
with C6/7 and C7/Thl MCF showed C8 nerve root disor-
ders, as confirmed on the basis of perioperative findings.
Based on these facts, type II pattern is considered the pri-
mary descensus pattern of C8 nerve root disorders.

In type III pattern, all extensor muscles and the APB were
found to be severely paralyzed; this pattern showed the
highest similarity with that observed in severe PIN palsy.
Thus, this pattern is accompanied with a risk that neurolysis
may be performed for PIN palsy and that cervical radiculo-
pathy may be overlooked. Therefore, EMG is necessary to
differentiate cervical radiculopathy from PION. Tanaka et al.
reported a pattern similar to our type III pattern; they noted
drop finger in almost all C8 nerve root disorders and sug-
gested that their observed pattern may be a representative
finger posture of C8 nerve root disorders’. EIP, EDC, and
EDM with common C7 and C8 innervation showed weak-
ness similar to DI, ADM, and APB with only C8 innerva-
tion'**”. Therefore, this pattern may be associated with C8
nerve root disorders. In the present report, 3 patients were
classified with type III pattern, and C8 nerve root disorder
was confirmed for all these patients based on perioperative
findings. Preoperative paralysis was severe in these patients,
and it was difficult for them to catch things postoperatively
because of reduced APB muscular strength. Therefore, it is
necessary to consider the postoperative effects on activities
of daily living and manual labor.

The primary limitation of this study is its retrospective
nature and small sample size. Moreover, the classification
was subjectively biased because both the operator and the
assistant judged nerve root disorders based on perioperative
findings. Therefore, additional cases are necessary to con-
firm these findings.

Conclusions

The operative outcomes of MCF for cervical radiculopa-
thy presenting drop finger were relatively good, but the sur-
gical results for only type III patterns were poor. Type I pat-
tern is specific for cervical radiculopathy and usually indi-
cates C7 root injury, but C8 is also possible. Type II pattern
appears most commonly with C8 root injury. Type III pat-
tern is caused by C8 injury, but due to similar clinical pres-
entation to PIN palsy, EMG is necessary to distinguish be-
tween the two.
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